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THE usefulness of the electrical resistivity log 
in determining reservoir characteristics is 
governed largely by: (I) the accuracy with 
which the true resistivity of the formation can 
be determined; (2) the scope of detailed data 
concerning the relation of resistivity measure­
ments to formation characteristics; (3) the 
available information concerning the conduc­
tivity of connate or formation waters; (4) the 
extent of geologic knowledge regarding proba­
ble changes in facies within given horizons, both 
vertically and laterally, particularly in relation 
to the resultant effect on the electrical proper­
ties of the reservoir. Simple examples are given 
in the following pages to illustrate the use of 
resistivity logs in the solution of some problems 
dealing with oil and gas reservoirs. From the 
available information, it is apparent that much 
care must be exercised in applying to more 
complicated cases the methods suggested. It 
should be remembered that the equations given 
are not precise and represent only approximate 
relationships. It is believed, however, that 
under favorable conditions their application 
falls within useful limits of accuracy. 

INTRODUCTION 

The electrical log has been used exten­
sively in a qualitative way to correlate 
formations penetrated by the drill in the 
exploitation of oil and gas reservoirs and 
to provide some indication of reservoir 
content. However, its use in a quantitative 
way has been limited because of various 
factors that tend to obscure the significance 
of the electrical readings obtained. Some 
of these factors are the borehole size, 
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the resistivity of the mud in the borehole, 
the effect of invasion of the mud filtrate 
into the formation, the relation of the 
recorded thickness of beds to electrode 
spacing, the heterogeneity of geologic 
formations, the salinity or conductivity 
of connate water, and, perhaps of greatest 
importance, the lack of data indicating the 
relationship of the resistivity of a formation 
in situ to its character and fluid content. 

On the Gulf Coast it is found that the 
effects of the size of the borehole and the 
mud resistivity are generally of little 
importance, except when dealing with 
high formational resistivities or extremely 
low mud resistivities. Fortunately, little 
practical significance need be attached to 
the exact values of the higher resistivities 
recorded. Low mud resistivities are not 
common, but when this condition is 
encountered it may be corrected by 
replacing the mud column. With' the 
present advanced knowledge of mud 
control, invasion of mud filtrate into 
sands can be minimized, thereby increasing 
the dependability of the electrical log. 
The effect of electrode spacing on the 
recorded thickness of a bed is often subject 
to compensation or can be sufficiently 
accounted for to provide an acceptable 
approximation of the true resistivity of 
the formation. As development of a field 
or area progressively enhances the knowl­
edge of the lithologic section, the resistivity 
values of the electrical log take on greater 
significance, ultimately affording accept­
able interpretations. The salinity, and 
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therefore the conductivity, of the connate 
water associated with the various produc­
ing horizons may be determined with 
sufficient accuracy by the usual sampling 
procedure. 

Determination of the significance of 
the resistivity of a producing formation 
as recorded by the electrical log appears, 
for the present at least, to rest largely 
with the application of empirical relation­
ships established in the laboratory between 
certain of the physical properties of a 
reservoir rock and what may be termed 
a formation factor. It should be stressed 
at this point that numerous detailed 
laboratory studies of the physical proper­
ties of the formations in relation to the 
electrical measurements in question are 
essential to a reliable solution of the 
problems dealing with reservoir content. 
The purpose of this paper is to present 
some of these laboratory data and to 
suggest their application to quantitative 
studies of the electrical log. It is not in­
[ended to attempt to discuss individual 
resistivity curves and their application. 
The disturbing factors (borehole, bed 
thickness, and invasion) are discussed 
briefly only to indicate instances when 
they are not likely to affect the usefulness 
of the observed resistivity. 

RESISTIVITY OF SANDS WHEN PORES ARE 

ENTIRELY FILLED WITH BRINE 

A study of the resistivity of formations 
when all the pores are filled with water 
is of basic importance in the detection of 
oil or gas by the use of an electrical log. 
Unless this value is known, the added 
resistivity due to oil or gas in a formation 
cannot be determined. 

The resistivities of a large number of 
brine-saturated cores from various sand 
formations were determined in the labora­
tory; the porosity of the samples ranged 
from 10 to 40 per cent. The salinity of the 
electrolyte filling the pores ranged from 
20,000 to 100,000 milligrams of NaCI 

per liter. The following simple relation 
was found to exist for that range of 
porosities and salinities: 

R. = FR", [I] 

where R. = resistivity of the sand when 
all the pores were filled with brine, R", = 
resistivity of the brine, and F = a "for­
mation resistivity factor." 

In Figs. I and 2, F is plotted against 
the permeabilities and porosities, respec­
tively, of the samples investigated. The 
data presented in Fig. I were obtained 
from consolidated sandstone cores in 
which the cementing medium consisted 
of various amounts of calcareous as well 
as siliceous materials. The cores had 
essentially the same permeability, parallel 
to and perpendicular to the bedding of 
the layers. All of the cores were from 
producing zones in the Gulf Coast region. 
Cores from the following fields were used: 
Southeast Premont, Tom Graham, Big 
Dome-Hardin, Magnet-Withers, and Sheri­
dan, Texas; also La Pice, and Happy town, 
La. Fig. 2 presents similar data obtained 
from cores of a widely different sandstone; 
that is, one that had extremely low per­
meability values compared with those 
shown in Fig. I for corresponding porosities. 
These cores were from the Nacatoch 
sand in the Bellevue area, Louisiana. 

From Figs. I and 2 it appears that the 
formation resistivity factor F is a function 
of the type and character of the formation, 
and varies, among other properties, with 
the porosity and permeability of the reser­
voir rock; many points depart from the 
average line shown, which represents a 
reasonable relationship. Therefore, indi­
vidual determinations from any particular 
core sample may deviate considerably 
from the average. This is particularly 
true for the indicated relationship to 
permeability. Further, although the varia­
tion of F with porosity for the two groups 
of data taken from sands of widely different 
character is quite consistent, the effect 
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of variations in permeability on this 
factor is not so evident. Naturally the 
two relationships could not be held to 
apply with equal rigor because of the well 
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ity. Thus, knowing the porosity of the 
sand in question, a fair estimate may be 
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SAND, BELLEVUE, LA. 
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established fact that permeability does not 
bear the same relation to porosity in all 
sands. From close inspection of these data, 
and at the present stage of the investiga­
tion, it would appear reasonably accurate to 
accept the indicated relationship between 
t he formation resistivity factor and poros-

relationship 
F = 8-m 

or from Eq. I, 

R. = R,.fJ-m 

where 8 is the porosity fraction of the 
sand and m is the slope of the line represent­
ing the relationship under discussion. 
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From a study of many groups of data, m 
has been found to range between 1.8 
and 2.0 for consolidated sandstones. For 
clean unconsolidated sands packed in 
the laboratory, the value of m appears 
to be about 1.3. It may be expected, 
then, that the loosely or partly consolidated 
sands of the Gulf Coast might have a 
value of m anywhere between 1.3 and 2. 

RESISTIVITY OF FORMATIONS WHEN PORES 

ARE PARTLY FILLED WITH BRINE, THE 

REMAINING VOIDS BEING FILLED WITH 

OIL OR GAS 

Various investigators-Martin, 1 J ako­
sky,2 Wyckoff,3 and Leverett4-have stud­
ied the variation in the resistivity of sands 
due to the percentage of water contained 
in the pores. This was done by displacing 
varying amounts of conducting water 
from the water-saturated sand with non­
conducting fluid. Fig. 3 shows the relation 
which the various investigators found to 
exist between S (fraction of the voids 
filled with water) and R (the resulting 
resistivity of the sand) plotted on loga­
rithmic coordinates. For water saturations 
down to about 0.15 or 0.20, the following 
approximate equation applies: 

1 

S= (~y or R = R.s-" [4] 

For clean unconsolidated sand and for 
consolidated sands, the value of n appears 
to be close to 2, so an approximate relation 
can be written: 

S=~ [51 

or from Eq. I, 

S = ~F;w [61 

Since in the laboratory extremely short 
intervals of time were allowed for the 
establishment of the equilibrium conditions 
compared with underground reservoirs, 
there is a possibility that the manner in 

I References are at the end of the paper. 

which the oil or gas is distributed in the 
pores may be so different that these 
relations derived in the laboratory might 
not apply underground. 
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Legend and Data 

Salinity 
Oil Porosity Investi- Type of Water. 

Grams or Frac-gator Sand NaCI per Gas tion 
Liter 

--- --- ---
Wyckoff Various CO. Various 
Leverett Uncons. 8 approx. Oil 0·40 
Martin Cores 130 Oil 0.20 and 

0.45(?) 
--I Jakosky Friable 29 approx. Oil 0.23 

Considerable encouragement on this 
point is established, however. For example, 
Eq. 4 appears to hold even though gas or 
oil is the nonconducting phase. Each 
probably assumes a different distribution 
in the pores, yet the resulting resistivity 
is not appreciably changed. Also, no great 
change is found in the average relation 
between the formation resistivity factor 
and porosity for changes in types of con­
solidated sandstones. This indicates that 
even though the oil or gas underground 
may fill the pore space in a different 
manner from that in the short-time 
laboratory experiments, the relationship 
expressed by Eq. 4 should apply equally 
well underground. 

BASIC RESISTIVITY VALUES TO BE OBTAINEE 

IN ESTIMATING FLUID CONTENT OF A SANE 

The foregoing discussion indicates that 
the basic values to be obtained are: (I) tht 
resistivity of the sand in question under· 
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ground (R), and (2) the resistivity of the 
same sand when its pores are entirely 
filled with connate water (R.). 

The first value can be obtained from the 
electrical log when all factors can be 
properly weighed. The latter may also be 
obtained from the log when a log is avail­
able on the same horizon where it is entirely 
water-bearing. Of course, this is true only 
when the sand conditions, particularly por­
osity, are the same as at the point in ques­
tion and when the salinity of the connate 
or formation water throughout the horizon 
is the same. 

In a water-drive reservoir, or any 
reservoir where the connate water is in 
direct contact with the bottom or edge 
water, there should be no appreciable 
difference in the salinities through the 
horizon, at least within the limits set forth 
for the operation of Eqs. 1 and 4; that is, 
when the salinity of the connate water 
is over 20,000 mg. NaCl per liter and the 
connate water is over 0.15. In depletion­
type reservoirs, or when connate water 
is not in direct contact with bottom or 
edge water, special means may have to 
be devised to ascertain the salinity of the 
connate water. 

When it is not possible to obtain R. 
in the manner described above, the value 
can be approximated from Eq. 3, () and m 
having been determined by core analyses 
and R .. by regular analyses. 

CALCULATION OF CONNATE WATER, POROS­

lTY AND SALINITY OF FORMATION WATER 

FROM THE ELECTRICAL LOG 

The resistivity scale used by the electrical 
logging companies is calculated assuming 
the electrodes to be points in a homo­
geneous bed. 5 Therefore, the values re­
corded must be corrected for the presence 
of the borehole, thickness of the layers 
in relation to the electrode spacing, and 
any other condition different from the 
ideal assumptions used in calculating the 
scale. 

Consider a borehole penetrating a 
large homogeneous layer, in which case 
the electrode spacing is small in comparison 
with the thickness of the layer. If the 
resistivity of the mud in the hole is the 
same as the resistivity of the layer, there 
will be, of course, no correction for the 
effect of the borehole. If the resistivity 
of the mud differs from the resistivity of 
the layer, there will be a correction. 
Table 1 shows approximately how the 
presence of the borehole changes the 
observed resistivity for various conditions. 
The third curve, or long normal, of the 
Gulf Coast is considered because this 
arrangement of electrodes gives very 
nearly a symmetrical picture on passing 
a resistive layer and has sufficient pene­
tration in most instances to be little 
affected by invasion when the filtrate 
properties of the mud are suitable. 

TABLE I.-E.ffect of Borehole on Infinitely 
Large Homogeneous Formation 

Observed Resisttvity on ffiectric Log 
In an 8-in. In a Is-in. 
Borehole Borehole 

True Resisti vity of ~~~tf:iilol; Resistivity Mud in Hole 
of Formation, (at Bottom-hole (at Bottom-hole 

Meter-ohms Temperature) of Temperature) of 

0·5 1.5 0·5 1.5 
Meter- Meter- Meter- Meter-
ohms ohms ohms ohms --- ------

0.5 0·5 0·5 0·5 0·5 
I I I I I 

5 6 5 5 5 
10 I. II I II 

II 
50 65 65 50 55 

The values in Table I have been cal­
culated assuming a point potential "pick­
up" electrode 3 ft. away from a point 
source of current, other electrodes assumed 
to be at infinity, and it has been found 
that the table checks reasonably well 
with field observations. Checks were 
made by: (I) measuring the resistivity of 
shale and other cores whose fluid content 
does not change during the coring operation 
and extraction from the well; (2) measuring 
the resistivity of porous cores from water­
bearing formations after these cores were 
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resaturated with the original formation 
water. Adjustment due to temperature 
difference, of course, is necessary before 
the laboratory measurement is compared 
with the field measurement. 

TABLE 2.-EiJect of Formation Thickness, 
No Borehole Present 

True Resistivity Observed Resistivity 

Layer between Large Thickness of Layer 
Shale Bodies Having 

Resistivity of 1.0 
24 Ft. 16 Ft. 8 Ft. Meter-ohms 
--- ------

1 1 I 1 

5 5 5 3 
10 10 9 6 
20 20 19 II 

The correction at the higher resistivities 
appears to be appreciable. However, 
in the Gulf Coast when the value of R. 
is low the correction is not so important. 
For example, assume a friable oil sand 
whose true resistivity is 50 meter-ohms 
and whose resistivity when entirely water­
bearing is 0.50 meter-ohms; the connate 
water would occupy about 0.10 of the 
pore volume CEq. 5). However, if the 
observed value on the log, 65 meter­
ohms, were used without correcting for 
the borehole, the connate water would be 
calculated to occupy 0.09 of the pore 
volume. Therefore, although the effect 
of the borehole size and mud resistivity 
on the observed resistivity readings may 
be appreciable, the resultant effect on 
the calculated connate-water content of 
the sand is not important. 

When the thickness of the formation 
is very large in comparison with the 
electrode spacing, there will, of course, be 
no correction to make for the thickness 
of the layer. However, when the thickness 
of the formation approaches the electrode 
spacing, the observed resistivity may be 
very different from the true value. Table 2 

shows approximately what the third curve 
(long normal) of the Gulf Coast would 
read for certain bed thicknesses and resis-

tivities. I(is assumed that large shale bodies 
are present above and below the beds, at 
the same time neglecting the presence of 
the borehole and again assuming point 
electrodes. 

Resistivity • meter· ohms 

O~~~IO~;;:;;;;~200 
-~~~----;-~--,--~3480 

--~~-----+-Q-_+--__I3500 

---r=-------I----.O~"i='......,......d. 3520 
NormOiI curve, 

-+-------+-~_++._-__I3540 
~'i. 

~ 
-~-~----~_+-~~m~~'--~3560 

Long normal ". 't'~) 
curve --~~~::~~~, $'; 

-----(;=---------+--"~~=---I3580 

=-----+-;;;~==l3600 

-;-------+7' .. "-r"'-=--t--------l36Z0 

--------'-----'-------'3640 
FIG. 4.-ELECTRICAL LOG OF AN EAST TEXAS 

WELL. 
Diameter of hole, i% in.; mud resistivity, 

3.4 at 85°F.; bottom-hole temperature, approxi­
mately 13SoF. 

Tables I and 2 assume ideal conditions, 
so if the sand is not uniform, or if invasion 
affects the third curve, the observed re­
sistivity values may deviate farther from 
the true value. The magnitude of the 
influencing factors, of course, willlim,it the 
usefulness of the observed resistivity value 
recorded on the log. Invasion of the mud 
filtrate is probably the most serious factor; 
however, as previously mentioned, it can 
often be controlled by conditioning the 
mud flush for low filtrate loss. 

Fig. 4 shows a log of an East Texas well. 
The observed resistivity on the long normal 
curve for the interval 3530 to 3560 ft. is 
62 meter-ohms, or, from Table I, approxi­
mately 50 meter· ohms after correcting for 
the borehole. In this instance the mud 
resistivity at the bottom-hole temperature 
of 135°F. is approximately 2.2 meter-ohms. 
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The interval is thick enough so that there 
should be no appreciable effect due to 
electrode spacing. The formation is more or 
less a clean friable sandstone, so Eq. 5 can 

Resistivity. 
meter-ohms 

Self-pofenf/al 0 5 10 
--':""--:;}---.+--r---,4040 

---I 25 J+-t 
mv. 

---j----jr---4li:-t"-- 4060 

-*=------+-"Zlrt---14080 
Normal curve- --> I 

FIG. 5.-ELECTRICAL LOG OF A SAND IN EAST 
WHITE. POINT FIELD, TEXAS. 

Diameter of hole, 7% in.; mud resistivity, 
1.7 at 80°F.; bottom-hole temperature, 138°F. 

be used to approximate the connate-water 
content. The formation resistivity factor 
for this sand is approximately IS, using 
Eq. 2 where 8 = 0.25 and m = 1.8. The 
resistivity of the formation water by actual 
measurement is 0.075 meter-ohms at a 
bottom-hole temperature of 135°F. There­
fore, from Eq. I, R. for this sand is 
IS X 0.075 = 1.1 meter-ohms. This value 
checks reasonably well with the value 
recorded at 3623 to 3638 ft. on this log as 
well as on the many logs from this pool 
where the Woodbine sand is water-bearing; 
i.e., 0.9 to 1.5 meter-ohms. The close check 
obtained between the calculated and re­
corded resistivity of the water sand indi­
cates that invasion is not seriously affecting 
the third curve. Solving Eq. 5, the connate 
water of the zone 3530 to 3560 ft. occupies 

a.pproximately § = 0.15 of the pore 
'\j50 

volume. The accepted value assigned for 
the connate-water content of the East 
Texas reservoir is 17 per cent. 

An electrical log of a sand in the East 
White Point field, Texas, is shown in Fig. 5. 
The observed resistivity at 4075 ft. is 
approximately 5 meter-ohms. The value of 
F for this sand by laboratory determination 
is 6. The sand is loosely consolidated, hav­
ing 32 per cent porosity average. The 
resistivity of the formation water by direct 
measurement is 0.063 meter-ohms at the 
bottom-hole temperature of 138°F. There­
fore, R. = 6 X 0.063 or 0.38 meter-ohms. 
This checks well with the value obtained 
by the electrical log between the depths of 
4100 and 4120 ft., which is 0.40 (see 
amplified third curve). Therefore, invasion 
probably is not seriously affecting the 
third curve. From Tables I and 2 it appears 
that the borehole and electrode spacing do 
not seriously aff~ct the observed resistivity 
at 4075 ft. The connate water is approxi-

~0'38 mately --, or 0.27. 
5.0 

Other uses of the empirical relations may 
have occurred to the reader. One would be 
the possibility of approximating the maxi­
mum resistivity that the invaded zone 
could reach (wh!!n formation water has a 
greater salinity than borehole mud) by 
Eq. I, where R", would now be the resistiv­
ity of the mud filtrate at the temperature of 
the formation and F the resistivity factor 
of the formation near the borehole. By 
knowing the maximum value of resistivity 
that the invaded zone could reach, the 
limits of usefulness of the log could be 
better judged. For example, assume that a 
porous sand having an F factor of less than 
IS was under consideration. If the mud 
filtrate resistivity were 0.5 meter-ohms, the 
resistivity of the invaded zone, if com­
pletely flushed, would be IS X 0·5 = 7.5. 
Thus the observed resistivity values of this 
sand up to approximately 7.5 meter-ohms 
could be due to invasion. 
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DISCUSSION 

(H. F. Beardmore presiding) 

S. W. WILCOX,* Tulsa, Okla.-This paper 
recalls some of my own observations on the 
correlation of the electrical resistance of earth 
materials with their other physical properties. 
While Geophysical Engineer for the Depart­
ment of Highways, of the State of Minnesota, 
from 1933 until 1936, I was primarily engaged 
in conducting earth-resistivity surveys pros­
pecting for and exploring sand and gravel 
deposits. This work was done by two field 
parties using equipment of the Gish-Rooney 
type, and was carried out in every part of the 
state, both winter and summer. 

In brief, when a sand or gravel prospect was 
discovered, in any way, it was detailed by the 
·resistivity survey to outline its extent and to 
locate test holes for field and laboratory sample 
analysis. This survey consisted of a grid of 
"steptraverses" of one or more electrode 
separations, and for each an "iso-ohm," or 
equal resistance contour plan map, was drawn. 

Several thousand earth-resistivity readings 
were taken over more than one hundred 
prospects. In some instances the test pitting 
was started before the completion of electrical 
survey and their findings were soon available 
for checking any suspected correlation theory 
and confirming what subsurface factors were 
being measured and how effectively. 

From accepted earth-resistivity theory, it 
follows that within a definite sphere surround-

* Seismograph Service Corporation. 

ing tl,le electrodes the apparent resistance 
measurement is uniquely determined from the 
specific resistance and position of each and all 
of the particles making up the sphere. Any 
rational interpretation of these apparent resist­
ance measurements is possible only for the 
simplest combinations of particles and their 
specific resistances. Fortunately, soils, sub­
soils and subsurface rocks, with their embodied 
fluids and gases, vary greatly in this property 
among themselves. For example, clay appears 
to have an average specific resistance of 
approximately 50 to. 150 foot-ohms, whereas 
for sand and gravel the specific resistance is 
roughly from 2000 to 5000 foot-ohms. The 
important feature is the great absolute differ­
ences in resistance, consequently a resistance 
profile across a buried lens of sand or gravel sur­
rounded by clay produces a striking response. 

In spite of the amount of control available 
and the freedom for selecting various electrode 
intervals, no reliable quantitative predictions 
could be made that were not related to bound­
ary surfaces. The probable depth to the first 
discontinuity-namely, the clay-sand contact 
-could be determined fairly accurately if the 
thickness of the sand body was considerable. 
When the depth to the sand was known from 
independent data, or could be assumed to be 
constant, it was possible to predict its thick­
ness. If both were known, a good guess might 
be made regarding the depth to the water· 
table; and, in addition, if all these were known, 
a surmise could be made about the quality of 
the sand; i.e., whether it contained organic 
material or was weathered. Perhaps if the 
degrees of control were sufficient the porosity of 
the sand, its grain size, or even its temperature 
might be predicted. 

I observed that few of these variables, even 
the ones that generally contribute to the bulk 
of the readings, could be quantitatively 
separated without additional independent data; 
therefore my interpretation was necessarily 
empirical and based on experience. Fortun­
ately, in sand and gravel prospecting the 
economically most important factors contribute 
their effects in the same direction. A high 
apparent resistance indicates either a thin body 
of highly resistant gravel near the surface, or a 
thicker one overlain with more clay stripping. 
Clean gravel is more resistant than weathered, 
and hard gravel more so than soft. 
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In practical terms, I found that an apparent 
resistance reading of 500 foot-ohms for a 
20-ft. electrode separation recorded over 
ground or glacial moraines of southern Minne­
sota reliably suggested a deposit of sand or 
gravel worth further investigation. As a matter 
of record, prospecting in the part of the state 
where these materials are very scarce, less than 
3 per cent of the test holes located on the 
geophysical information failed to yield granular 
materials of commercial quality and quantity 
for at least highway subgrade treatment. 
Varying the electrode interval gave additional 
confirmation as to the thickness of the deposit 
and very little else. 

In connection with our field work, we made 
extensive laboratory studies, attempting to 
work out the relation between the moisture 
content of sand and gravel and its specific 
resistance. These apparently simple eXlleri­
ments were not of much help in clearing up my 
field interpretations. Several variables were 
very hard to control in the laboratory. 

The analogy between this type of earth­
resistivity mapping and electrologging is close. 
The first measures electrical impedance along a 
surface generally parallel to the bedding planes; 
the latter, up a borehole more or less perpen­
dicular to them. The same general limitations 
and possibilities appear to be common to both 
methods. Obviously, controls for checking are 
easier to obtain for plan mapping than for 
well logging within the depth of effective 
penetration. 

My interpretation problems appeared to be 
essentially similar to those of electrical well 
logging where the operator, after observing 
the character of the resistance and the self­
potential curves, tells his client whether pipe 
should be set. The accuracy of his prediction is 
based largely on experience and not on slide­
rule calculations. 

Mr. Archie's paper suggests an experimental 
attack for expanding and improving the 
interpretation technique of electrical well 
Jogging. Any contribution of this nature that 
increases its effectiveness is of great value to 
the petroleum industry. I offer my own experi­
ences and observations to emphasize that he 
has tackled a difficult research problem and 
wish him luck. 

Dr. A. G. LOOMIS, * Emeryville, Calif.··-In 
the laboratory, we take into account the varia­
tions in measured resistivities of sands and tap 
water by finding out the cause of the variations 
in resistivity. That is, if the tap water itself 
varied from day to day, its electrolyte content 
must vary from day to day and chemical 
analysis would indicate the change. If sands 
did not give consistent resistivity readings, the 
character of the sands (in other words, the 
formation resistivity factor) probably changed 
or the kind and amount of water contained in 
the sand must have varied. 

* Shell Development Co. 
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STRATIGRAPHIC AND HYDROGEOLOGIC FRAMEWORK 
OF PART OF THE COASTAL PLAIN OF TEXAS

By

E. T. Baker, Jr.

ABSTRACT

The subsurface delineation of hydrogeologic units of Miocene and younger 
age and stratigraphic units of Paleocene to Holocene age establishes an 
interrelationship of these units Statewide across much of the Coastal Plain 
of Texas. The 11 dip sections and 1 strike section, which extend from the 
land surface to 7,600 feet (2,316 meters) below sea level, provide continuity 
of correlation from the outcrop to the relatively deep subsurface. Sand 
containing water with less than 3,000 milligrams per liter of dissolved solids, 
which is shown on the sections, serves as an index of water availability 
of this quality.
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INTRODUCTION

This report has been prepared to illustrate the stratigraphic and 
hydrogeologic framework of a part of the Coastal Plain of Texas from the 
Sabine River to the Rio Grande. It is the outgrowth of a project that has 
as its ultimate objective the construction of a digital ground-water flow 
model, if feasible or desirable, of at least a part of the Miocene aquifers 
in the Gulf Coastal Plain of Texas. The model would serve as a tool for 
planning the development of the ground-water supplies. Work on the project 
is being done by the U.S. Geological Survey in cooperation with the Texas 
Water Development Board.

During the course of delineating the Miocene aquifers, which is basic 
to the design and development of the model, the scope of the study was 
broadened to include delineations of other hydrogeologic units, as well 
as delineations of stratigraphic units. As a result, units ranging in age 
from Paleocene to Holocene were delineated (table 1). A relationship of 
stratigraphic units to designated hydrogeologic units was thus established 
Statewide.

Eleven dip sections and one strike section are included in this report. 
The dip sections are spaced about 50 miles (80 km) apart with the most 
easterly one being near the Sabine River and the most southerly one being 
near the Rio Grande. Each dip section is about 100 miles (161 km) long and 
extends from near the coastline to short distances inland from the outcrop 
of the oldest Miocene formation--the Catahoula Tuff or Sandstone. The strike 
section, which is about 500 miles (804 km) long (in three segments), extends 
from the Sabine River to the Rio Grande and joins the dip sections at common 
control points. This section is from 50-75 miles (80-121 km) inland from 
the Gulf of Mexico and is essentially parallel to the coastline. The loca­ 
tion of the sections and the Catahoula outcrop are shown on figure 1.

The sections extend from outcrops at the land surface to maximum depths 
of 7,600 feet (2,316 m) below sea level. Selected faunal occurrences, where 
known or inferred by correlation from nearby well logs, are included. 
The extent of sand that contains water having less than 3,000 mg/L (milligrams 
per liter) of dissolved solids was estimated from the electrical characteris­ 
tics shown by the logs. This information is included on all of the sections.

Although faulting is common in the Coastal Plain and is complex in 
some areas, all faults have been omitted from the sections to maintain 
continuity of the stratigraphic and hydrogeologic boundaries. The disad­ 
vantage of such omission is, of course, the representation of an unrealistic 
and simplistic picture of unbroken stata with uninterrupted boundaries. In 
reality, many of the faults have not only broken the hydraulic continuity of 
the strata but more importantly have become barriers to fluid flow or conduits 
for cross-formational flow. The sections are presented in this report as 
figures 2-15.
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STRATIGRAPHIC FRAMEWORK 
General Features of Deposition and Correlation Problems

Cenozoic sediments that underlie the Coastal Plain of Texas are tens 
of thousands of feet thick at the coastline. These clastic sediments of 
sand, silt, and clay represent depositional environments ranging from non- 
marine at the outcrops of most units to marine where the units may carry 
a distinctive suite of fossils. Oscillations of ancient seas and changes 
in amount and source of sediments that were deposited caused facies changes 
downdip and along strike. For example, a time-stratigraphic unit having age 
equivalency may consist of sand in one area, sandy clay in a second area, 
and clay in a third area. Subsidence of the basin of deposition and rising 
of the land surface caused the stratigraphic units to thicken Gulfward. 
Growth faults (faults that were more or less continuously active) greatly 
increased the thickness of some stratigraphic units in short distances. 
All of these factors contributed to the heterogeneity of the units from 
place to place, which in turn makes correlation difficult.

Stratigraphic Units

In the discussion to follow, emphasis will be placed on stratigraphic 
units that are designated in this report as Miocene in age. Many of the 
correlation problems of the Cenozoic deposits involve these units to a large 
degree. Also the main thrust of this report is directed at the Miocene in 
keeping with the ultimate objective of modeling the flow in the Miocene 
aquifers.

The stratigraphic nomenclature used in this report was determined from 
several sources and may not necessarily follow the usage of the U.S. Geologi­ 
cal Survey.

Pre-Miocene

Delineation of most of the pre-Miocene units of Cenozoic age present 
relatively few problems of significance. This is especially true of the 
pre-Jackson units (Midway Group to Yegua Formation). The top of the Car- 
rizo Sand of the Claiborne Group (included with the underlying Wilcox Group 
on the sections) can be easily delineated, which makes the position of the 
unit unmistakable in the subsurface. From about the Sabine River to the 
San Marcos Arch (section F-F 1 , fig. 7, is centered over this structural 
feature) the top of the Carrizo-Wilcox is about 3,000 feet (914 m) beneath 
the landward edge of the Catahoula outcrop. Southward from the San Marcos 
Arch into the Rio Grande Embayment of south Texas, its position steadily 
increases in depth to more than 7,000 feet (2,134 m) at the western end of 
section K-K' (fig. 12).
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Facies changes occur downdip in the Sparta and Queen City Sands of 
the Claiborne Group, and where these units grade into clay, delineation on 
a time-stratigraphic basis is virtually impossible from electrical-log 
interpretation. The same problem affects the Yegua Formation of the Claiborne 
Group, although the Yegua remains sandy for greater distances downdip. It 
can be delineated by lithology on most of the sections in this report. Also, 
the presence of important fauna1 markers such as Nonionella cockfieldensis 
and Ceratobulimina eximia aid in locating the approximate top and base, 
respectively, of the Yegua, regardless of its lithology.

The delineation of the Jackson Group is significant in establishing 
the framework for the Miocene units. This is because the outcropping Frio 
Clay of Oligocene(?) age of south Texas is completely overlapped in Live 
Oak County by the Miocene Catahoula (or is not recognized on the surface 
east of this area). The overlap places the Catahoula in contact with part 
of the Whitsett Formation, the uppermost formation of the Jackson Group in 
this area. East of the overlap to the Sabine River, careful attention was 
required to properly separate on the sections the tuffaceous sand and clay 
interbeds of the Whitsett from the tuffaceous sand and clay interbeds of 
the overlying Catahoula. From Live Oak County southward, the outcropping 
Frio Clay separates the Whitsett Formation from the Catahoula Tuff.

The age of the Whitsett, although shown in table 1 as Eocene in south- 
central Texas, may be at least in part Oligocene in the eastern part of the 
State. Eargle, Dickinson, and Davis (1975) consider the Whitsett to be 
Eocene at least from central Karnes County to southern McMullen County. 
Barnes (1975) likewise considers the Whitsett to be unquestionably Eocene 
no farther east than central Karnes County. From this area to the Sabine 
River, Dr. V. E. Barnes (written commun., Apr. 5, 1971) states that the 
Whitsett may "climb timewise eastward" and be largely Oligocene in east 
Texas; that the Nash Creek Formation of Louisiana, which is considered to 
be largely Oligocene, is equivalent to the Whitsett as mapped in Texas near 
the Sabine River; and the Oligocene vertebrates, which Dr. J. A. Wilson 
(Dept. of Geologic Sciences, University of Texas at Austin) collected from 
the Whitsett in Washington County, show that this formation is at least part 
Oligocene at that site. Because of the probability that the Whitsett is 
Oligocene, in part or in whole in much of the area, the delineation of the 
Eocene Jackson Group is shown on the sections to include the Whitsett 
Formation.
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The Frio Clay of Oligocene(?) age has been a controversial unit for 
decades. Geologists still do not agree on its subsurface equivalents or if 
it is even a separate stratigraphic unit from the Catahoula. The fact that 
many geologists have mapped the unit from Live Oak County to the Rio Grande 
lends support to the existence of the Frio Clay as a formation. The Geologic 
Atlas of Texas (Barnes, 1976a,b,c) shows that the Frio is mapped separately 
as a distinct formation from its overlap in Live Oak County to southern 
Webb County; from there to the Rio Grande, the Frio is undifferentiated from 
the Catahoula. The Frio outcrop that was used for control at the surface 
on the dip sections H-H 1 to K-K' (figs. 9-12) was modified from Darton, 
Stephenson, and Gardner (1937) and from Barnes (1976a,b,c). East of the 
overlap in Live Oak County the Frio is presumed to be present in the shallow 
subsurface beneath the Catahoula with the erosional edge probably only a 
few miles downdip from the edge of the Catahoula outcrop.

The Frio Clay at the surface has been interpreted by the author to be, 
at least in part, the nonmarine time-equivalent of the subsurface Vicksburg 
Group--a marine biostratigraphic unit of Oligocene age that crops out east 
of the Sabine River and is characterized by the foraminifer Textularia 
warreni. The relationship is supported by Deussen and Owen (1939, p. 1630) 
and by the Houston Geological Society (1954). The Vicksburg equivalent east 
of Karnes County may also be at least a partial time-equivalent of the Whit- 
sett, whose probable Oligocene age in this area may, in itself, indicate an 
equivalency. Ellisor (1944, fig. 1, and p. 1365) supports this probability 
and illustrates the relationship in a geologic section. Additionally, this 
probability is supported by the apparent correlation of the outcrop of the 
Vicksburg Group in Louisiana near the Sabine River as shown on the geologic 
map of Louisiana (Wallace, 1946) with the outcrop of the Whitsett Formation 
as shown on the Geologic Atlas of Texas (Barnes, 1968b). This relationship 
may be inferred on the dip sections from A-A* to at least F-F 1 (figs. 2-7) 
where the Vicksburg equivalent, if projected to the outcrop, would intersect 
the outcropping Whitsett.

Miocene

The stratigraphic framework of the units that are designated in this 
report as Miocene in age is complex and controversial, perhaps more so than 
any other Cenozoic units. Geologists do not agree which units on the sur­ 
face or in the subsurface are Miocene nor do they agree as to the relation­ 
ship of the surface and subsurface units. The correct relationship may never 
be determined because faunal markers, which exist in places in the subsur­ 
face, do not extend to the outcrop; and the heterogeneity of the sediments 
does not facilitate electrical-log correlations.

The outcropping stratigraphic units that are assigned to the Miocene 
in this report are, from oldest to youngest, the Catahoula Tuff or Sand­ 
stone, Oakville Sandstone, and Fleming Formation. The "Frio" Formation, 
Anahuac Formation, and a unit that is referred to in this report as the upper 
part of the Catahoula Tuff or Sandstone are assigned by the author as possi­ 
ble downdip equivalents of the surface Catahoula although the Anahuac and 
"Frio" Formations may be Oligocene in age. Table 1 and the dip sections 
(figs. 2-12) illustrate this relationship.
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The outcrop of the Catahoula, a pyroclastic and tuffaceous unit, has 
been mapped independently by various geologists with little modification 
from the Sabine River to the Rio Grande. Darton, Stephenson, and Gardner 
(1937) modified the unit's name from Catahoula Tuff to Catahoula Sandstone 
east of Lavaca County where the formation becomes more sandy.

It may be seen on the sections that the thickness of the surface Cata­ 
houla increases downdip at a large rate in the subsurface to eventually 
include, when the Anahuac Formation is reached, the "Frio" Formation which 
underlies the Anahuac, the Anahuac, and the upper Catahoula unit. Deussen 
and Owen (1939, figs. 5, 6, p. 1632, and table 1), in a study of the surface 
and subsurface formations in two typical sections of the Texas Coastal Plain 
(one in east Texas, the other in south Texas) agree with this relationship. 
They disagree, however, with these units being Miocene and assign them to 
the Oligocene. Some oil-company geologists consider the Anahuac and "Frio" 
as separate formations (unrelated to the Catahoula) in the subsurface and 
also assign them to the Oligocene. As a consequence of this usage, the upper 
Catahoula unit of this report is then usually referred to as "Miocene," 
which term is used instead of, or interchangeably with, Fleming. Holcomb 
(1964, fig. 2) in a study of the subsurface "Frio" Formation of south Texas 
places the "Frio" and Anahuac Formations, as well as the surface Catahoula 
in the Miocene, but does not admit to any Catahoula occurring above the 
Anahuac. He indicates that the "Fleming Formation" (Oakville Sandstone and 
Fleming Formation of this report) rests on the Anahuac. Dip sections, espe­ 
cially F-F 1 , G-G 1 , and H-H' (figs. 7-9), show unmistakably that the Catahoula- 
Oakville contact on the surface can be accurately traced far enough downdip 
by means of electrical logs to show that the clearly discernible contact is 
several hundred feet above the Anahuac. For this reason, the upper Catahoula 
unit above the Anahuac cannot be the Oakville. This contention is supported 
by Meyer (1939, p. 173) and by Lang and others (1950, plate 1).

The Anahuac Formation, despite the controversial attention it receives, 
is one of the most discernible formations in the subsurface. This marine 
biostratigraphic unit carries a rich microfauna of many tens of diagnostic 
species. These species are categorized into the Discorbis zone, Heterostegina 
zone, and Marginulina zone, from youngest to oldest. Only a few of the 
diagnostic species (table 1) are included with the dip sections in this 
report. The updip limit of the marine facies of the Anahuac ranges in depth 
from about 2,500 feet (762 m) below land surface in east Texas to about 4,000 
feet (1,219 m) in the Rio Grande Embayment in south Texas. The unit is quite 
sandy south of San Patricio County (south of section H-H', fig. 9) to the 
Rio Grande in contrast to its shaly character eastward from San Patricio 
County to the Sabine River.

The Oakville Sandstone and Fleming Formation are composed almost entirely 
of terrigenous clastic sediments that form sand and clay interbeds. Both 
formations are basically rock-stratigraphic units that are distinguished 
and delineated on the basis of lithologic characteristics. Their boundaries 
in the Coastal Plain of Texas are discernible contacts in some areas and 
arbitrary ones within zones of lithologic gradation in other areas.
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The Oakville Sandstone is most prominent on the surface and in the 
subsurface in the central part of the Coastal Plain. Here its predominantly 
sandy character is distinguished from the underlying tuffaceous Catahoula 
and overlying Fleming, which is composed of clay and slightly subordinate 
amounts of sand.

The Oakville on the surface has been mapped as a formation from about 
the Brazos River at the Washington-Grimes County line to central Duval 
County, where its outcrop is overlapped by the Goliad Sand and remains over­ 
lapped to the Rio Grande. Beneath this overlap, the Oakville apparently 
decreases in thickness or loses its predominance of sand or both. In either 
case, its position in the shallow subsurface in parts of the Rio Grande Embay- 
ment is questionable on dip sections I-I 1 and K-K 1 (figs. 10, 12). In the 
vicinity of the Brazos River, the Oakville grades eastward into the base of 
the Fleming Formation and loses its identity. The position of the base of 
the Oakville in the deeper parts of the subsurface has been delineated on 
some of the sections merely as an approximation.

The Fleming Formation, the uppermost unit of Miocene age in the Coastal 
Plain, has been mapped on the surface in Texas from the Sabine River to 
central Duval County. From here, like the Oakville, it is overlapped by 
the Goliad Sand and remains beneath the Goliad to the Rio Grande.

The Fleming is lithologically similar to the Oakville but can be easily 
separated from the Oakville in some places by its greater proportion of 
clay. Plummer (1932, p. 744, 747) described the Lagarto as consisting of 
75 percent marl or clay, 15 percent sand, and 10 percent silt, with the 
clay beds being thicker and more massive and the sand beds being thinner and 
less massive than those of the Oakville. This description is reasonably 
accurate in some areas of the outcrop and shallow subsurface where the 
Fleming is separated from the Oakville. (See sections I-I 1 , J-J 1 , and L-L 1 , 
figs. 10, 11, and 13.) In other areas, the Fleming on the outcrop and in 
the shallow subsurface contains a ratio of sand to clay that approximates 
that of the Oakville. Where the Fleming Formation is not separated from the 
Oakville and directly overlies the Catahoula, from about Grimes County to 
the Sabine River, the percentage of sand in the formation increases eastward. 
In Jasper and Newton Counties, the amount of sand in the section above the base 
of the Fleming greatly exceeds the amount of clay. This can be seen in wells 
30 and 31 on strike section L"-L"' (fig. 15).

Delineation of the base of the Fleming from the surface to the deep 
subsurface has not been attempted on most of the sections because of complex 
facies changes. In southeast Texas on sections A-A 1 , B-B 1 , and C-C* (figs. 
2-4) an approximate base of the Fleming is shown downdip to short distances 
beyond the pinchout of the Anahuac. The preponderance of sand above the 
Anahuac in this area, however, makes any delineation on the basis of elec­ 
trical logs speculative. Deep wells near the coastline penetrate marine 
facies of the Fleming which carry a diagnostic fauna. Numerous species, 
which serve to identify the formation, have been described by Rainwater (1964). 
Potamides matsoni, Amphistegina sp., Bigenerina humblei, and Bigenerina 
nodosaria var. directa are faunal markers indicated on some of the sections.
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Post-Miocene

Delineation of the stratigraphic units of Pliocene, Pleistocene, and 
Holocene age has not been attempted. Correlation problems with most of these 
stratigraphic units are too numerous to solve by using only electrical logs. 
Delineation of the Pleistocene units--Willis Sand, Bentley Formation, Mont­ 
gomery Formation, and Beaumont Clay--is exceedingly difficult due to the litho- 
logic similarity of the sediments and lack of paleontological control. The 
contact at the surface of the basal Quaternary with the Goliad Sand or older 
units is, however, shown on the dip sections.

The Goliad Sand of Pliocene age overlies the Miocene units in the deep 
subsurface as well as in places on the surface. Except for a few isolated 
outcrops, it is otherwise entirely overlapped on the surface east of Lavaca 
County by Pleistocene deposits. Its inland extent beneath the overlap is 
presumed to be only several miles southeast from the most downdip exposures 
of the Fleming Formation. From Lavaca County to the Rio Grande, the width 
of the Goliad outcrop gradually increases because the Goliad progressively 
overlaps older units in the Rio Grande Embayment of south Texas.

The Goliad Sand can usually be identified on the surface and in the 
subsurface by a preponderance of sand except in the far eastern part of 
the State where sand predominates from the base of the Miocene to the sur­ 
face. In this area, the identity of the Goliad cannot be established with 
certainty. Delineation of the base of the Goliad has been made, where out­ 
crop control is available, on the strike and dip sections west of Colorado 
County. The base of the Goliad has been approximated at about 2,200 feet 
(671 m) below sea level near the coastline on sections I-I 1 and J-J 1 (figs. 
10, 11).

HYDROGEOLOGIC FRAMEWORK

The following discussion is restricted to the hydrogeologic framework 
of five units--Catahoula confining system (restricted), Jasper aquifer, 
Burkeville confining system, Evangeline aquifer, and Chicot aquifer. A 
discussion of other hydrologic units of Cenozoic age is beyond the purpose 
and scope of this report.

The quality of the ground water that is indicated on the sections to 
be less than 3,000 mg/L of dissolved solids is referred to in this report 
as fresh to slightly saline water. This terminology follows the classifi­ 
cation of Winslow and Kister (1956).
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Catahoula Confining System (Restricted)

The Catahoula confining system (restricted) is treated in this report 
as a quasi-hydrologic unit with different boundaries in some areas than the 
stratigraphic unit of the same name. Its top (base of the Jasper aquifer) 
is delineated along lithologic boundaries that are time-stratigraphic in 
some places but that transgress time lines in other places. Its base, which 
coincides with the base of the stratigraphic unit, is delineated everywhere 
along time-stratigraphic boundaries that are independent of lithology. No 
attempt was made to establish a lithologic (hydrologic) base for the unit, 
which would have created a distinct hydrologic unit. Such effort would have 
involved a thorough hydrologic evaluation of pre-Miocene formations, which 
is beyond the scope of the project.

In many places, the Catahoula confining system (restricted) is identi­ 
cal to the stratigraphic unit, but there are notable exceptions. These 
departures of the hydrologic boundaries from the stratigraphic boundaries 
are most prominent in the eastern part of the Coastal Plain near the Sabine 
River (fig. 15), in places in south Texas (fig. 11), and in numerous places 
at the outcrop and in the shallow subsurface. In these places, the very 
sandy parts of the Catahoula Tuff or Sandstone (stratigraphic unit) that 
lie immediately below the Oakville Sandstone or Fleming Formation are included 
in the overlying Jasper aquifer. This leaves a lower section from 0 to 2,000 
feet (610 m) or more in thickness that consists predominantly of clay or 
tuff with some interbedded sand to compose the Catahoula confining system 
(restricted). In most areas, this delineation creates a unit that is gen­ 
erally deficient in sand so as to preclude its classification in these areas 
as an aquifer. Thus in much of its subsurface extent, the Catahoula con­ 
fining system (restricted) functions hydrologically as a confining layer that 
retards the interchange of water between the overlying Jasper aquifer and 
underlying aquifers.

The amount of clay and other fine-grained clastic material in the 
Catahoula confining system (restricted) generally increases downdip, until 
the Anahuac Formation is approached. Below this unit, the "Frio" Formation 
becomes characteristically sandy and contains highly saline water that extends 
to considerable depths.

Jasper Aquifer

The Jasper aquifer, which was named by Wesselman (1967) for the town 
of Jasper in Jasper County, Texas, has heretofore not been delineated far­ 
ther west than Washington, Austin, and Fort Bend Counties. In this report, 
a delineation as far downdip as possible has been made of the Jasper from 
the Sabine River to the Rio Grande.

The configuration of the Jasper aquifer in the subsurface, as shown on 
the sections, is geometrically irregular. This irregularity is due to the 
fact that the delineation was necessarily made on the basis of the aquifer 
being a rock-stratigraphic unit. The hydrologic boundaries were defined by 
observable physical (lithologic) features rather than by inferred geologic 
history.
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The configuration of the base and top of the Jasper transgresses strati- 
graphic boundaries along strike and downdip. The lower boundary of the aqui­ 
fer coincides with the stratigraphic lower boundary of the Oakville or 
Fleming in some places. In other places the base of the Jasper lies within 
the Catahoula or coincides with the base of that unit. The top of the aqui­ 
fer is within the Fleming Formation in places, follows the top of the Oak­ 
ville Sandstone in other places, and is within the Oakville in still other 
places.

The Jasper ranges in thickness from as little as 200 feet (61 m) to 
about 3,200 feet (975 m). The maximum thickness occurs within the region 
of highly saline water in the aquifer. An average range in thickness of 
the aquifer within the zone of fresh to slightly saline water is from about 
600 to 1,000 feet (183 to 305 m). In the eastern part of the Coastal Plain 
of Texas the Jasper contains a greater percentage of sand than in the south­ 
ern part. At the Sabine River, the Jasper attains a thickness of 2,400 feet 
(732 m) in well 31 on section L"-LMI (fig. 15), where the aquifer is com­ 
posed almost entirely of sand. Fresh to slightly saline water, as shown on 
section D-D 1 (fig. 5), occurs as deep as 3,000 feet (914 m) below sea level.

Delineation of the Jasper aquifer in Louisiana (Whitfield, 1975), in 
western Louisiana and eastern Texas (Turcan, Wesselman, and Kilburn, 1966), 
and in Jasper and Newton Counties, Texas (Wesselman, 1967) shows that the 
thickness of the Jasper at the Sabine River closely approximates that given 
by the author. For example, the author assigns a thickness of 2,400 feet 
(732 m) to the Jasper in well 31 on section L"-LMI (fig. 15), and the authors 
cited above show essentially the same thickness at the site. This agreement 
in aquifer thickness, however, is contrasted to different interpretations of 
the stratigraphic composition or age of the aquifer near the Sabine River. 
The authors cited above restrict the Jasper to a part of the Fleming Forma­ 
tion, whereas this paper redefines the Jasper at its type locality near 
the Sabine River to include the upper part of the Catahoula of Texas in 
addition to the lower part of the Fleming of Texas. (This redefinition 
applies only to the area of the type locality and is thus only locally valid. 
Elsewhere in the Coastal Plain of Texas the Jasper assumes a different 
stratigraphic makeup.)

The stratigraphic discrepancies at the Texas-Louisiana border are 
attributed to different interpretations of the surface geology at the State 
line. The Palestine quadrangle of the Geologic Atlas of Texas (Barnes, 
1968b) shows the Catahoula outcrop to be about 6 miles (9.7 km) wide at 
the Sabine River, whereas Welch (1942) shows the outcrop in Louisiana to be 
about 1 mile (1.6 km) wide. A close comparison of the two geologic maps 
indicates that in Louisiana the Lena, Carnahan Bayou, and at least part 
of the Dough Hills Members of Fisk (1940) of the Fleming Formation of Kennedy 
(1892), in addition to the Catahoula of Welch (1942), are equivalent to the 
Catahoula of Texas. Wesselman (1967) assigned the Carnahan Bayou Member 
as the basal part of the Jasper, which is reasonable; but this member is 
Catahoula in age in Texas. As long as the discrepancy in geologic mapping 
is unresolved, subsurface correlations of the Catahoula-Fleming contact, as 
well as formation thicknesses, will continue to differ.
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Burkeville Confining System

The Burkeville confining system, which was named by Wesselman (1967) 
for outcrops near the town of Burkeville in Newton County, Texas, is delin­ 
eated on the sections from the Sabine River to near the Rio Grande. It 
separates the Jasper and Evangeline aquifers and serves to retard the inter­ 
change of water between the two aquifers.

The Burkeville has been mapped in this report as a rock-stratigraphic 
unit consisting predominantly of silt and clay. Boundaries were deter­ 
mined independently from time concepts although in some places the unit 
appears to possess approximately isochronous boundaries. In most places, 
however, this is not the case. For example, the entire thickness of sedi­ 
ment in the Burkeville confining system in some areas is younger than the 
entire thickness of sediment in the Burkeville in other places.

The configuration of the unit is highly irregular. Boundaries are not 
restricted to a single stratigraphic unit but transgress the Fleming-Oakville 
contact in many places. This is shown on sections D-D 1 to G-G 1 and J-J f 
(figs. 5-8 and 11). Where the Oakville Sandstone is present, the Burkeville 
crops out in the Fleming but dips gradually into the Oakville because of 
facies changes from sand to clay downdip.

The typical thickness of the Burkeville ranges from about 300 to 500 
feet (91 to 152 m). However, thick sections of predominantly clay in Jack­ 
son and Calhoun Counties account for the Burkeville f s gradual increase to 
its maximum thickness of more than 2,000 feet (610 m) as shown on section 
F-F' (fig. 7).

The Burkeville confining system should not be construed as a rock unit 
that is composed entirely of silt and clay. This is not typical of the 
unit, although examples of a predominance of silt and clay can be seen in 
some logs in sections H-H f and I-I f (figs. 9-10). In most places, the 
Burkeville is composed of many individual sand layers, which contain fresh 
to slightly saline water; but because of its relatively large percentage 
of silt and clay when compared to the underlying Jasper aquifer and over­ 
lying Evangeline, the Burkeville functions as a confining unit.

Evangeline Aquifer

The Evangeline aquifer, which was named and defined by Jones (Jones, 
Turcan, and Skibitzke, 1954) for a ground-water reservoir in southwestern 
Louisiana, has been mapped also in Texas, but heretofore has been delineated 
no farther west than Washington, Austin, Fort Bend, and Brazoria Counties. 
Its presence as an aquifer and its hydrologic boundaries to the west have 
been a matter of speculation. D. G. Jorgensen, W. R. Meyer, and W. H. 
Sandeen of the U.S. Geological Survey (written commun., March 1, 1976) 
recently refined the delineation of the aquifer in previously mapped areas 
and continued its delineation to the Rio Grande. The boundaries of the 
Evangeline as they appear on the sections in this report are their determi­ 
nations.
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The Evangeline aquifer has been delineated in this report essentially 
as a rock-stratigraphic unit. Although the aquifer is composed of at least 
the Goliad Sand, the lower boundary transgresses time lines to include sec­ 
tions of sand in the Fleming Formation. The base of the Goliad Sand at 
the outcrop coincides with the base of the Evangeline only in south Texas 
as shown in sections H-H f to K-K f (figs. 9-12). Elsewhere, the Evangeline 
at the surface includes about half of the Fleming outcrop. The upper boundary 
of the Evangeline probably follows closely the top of the Goliad Sand where 
present, although this relationship is somewhat speculative.

The Evangeline aquifer is typically wedge shaped and has a high sand- 
clay ratio. Individual sand beds are characteristically tens of feet thick. 
Near the outcrop, the aquifer ranges in thickness from 400 to 1,000 feet 
(122 to 305 m), but near the coastline, where the top of the-aquifer is about 
1,000 feet (305 m) deep, its thickness averages about 2,000 feet (610 m). 
The Evangeline is noted for its abundance of good quality ground water and 
is considered one of the most prolific aquifers in the Texas Coastal Plain. 
Fresh to slightly saline water in the aquifer, however, is shown to extend 
to the coastline only in section J-J f (fig. 11).

Chicot Aquifer

The Chicot aquifer, which was named and defined by Jones (Jones, Tur- 
can, and Skibitzke, 1954) for a ground-water reservoir in southwestern 
Louisiana, is the youngest aquifer in the Coastal Plain of Texas. Over 
the years, the aquifer gradually was mapped westward from Louisiana into 
Texas where, heretofore, its most westerly mapped limit was Austin, Fort 
Bend, and Brazoria Counties. In this report, the delineation of the Chicot 
was refined in previously mapped areas and extended to near the Rio Grande 
by D. G. Jorgensen, W. R. Meyer, and W. M. Sandeen of the U.S. Geological 
Survey (written commun., March 1, 1976).

It is believed that the base of the Chicot in some areas has been 
delineated on the sections in this report as the base of the Pleistocene. 
Early work in southeast Texas indicates that the Chicot probably comprises 
the Willis Sand, Bentley Formation, Montgomery Formation, and Beaumont Clay 
of Pleistocene age and any overlying Holocene alluvium (table 1). The 
problem that arises in this regard is that the base of the Pleistocene is 
difficult to pick from electrical logs. Thus any delineation of the base 
of the Chicot in the subsurface as the base of the Pleistocene is automati­ 
cally suspect. At the surface, the base of the Chicot on the sections has 
been picked at the most landward edge of the oldest undissected coastwise 
terrace of Quaternary age. In practice, the delineation of the Chicot in 
the subsurface, at least on the sections in southeast Texas, has been based 
on the presence of a higher sand-clay ratio in the Chicot than in the under­ 
lying Evangeline. In some places, a prominent clay layer was used as the 
boundary. Differences in hydraulic conductivity or water levels in some 
areas also served to differentiate the Chicot from the Evangeline.
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The high percentage of sand in the Chicot in southeast Texas, where 
the aquifer is noted for its abundance of water, diminishes southwestward 
Southwest of section G-G 1 (fig. 8) the higher clay content of the Chicot 
and the absence of fresh to slightly saline water in the unit is sharply 
contrasted with the underlying Evangeline aquifer that still retains rela­ 
tively large amounts of sand and good quality water.
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BACKGROUND 
The Louisiana Department of Environmental Quality's (LDEQ) Aquifer Sampling and 
Assessment Program (ASSET) is an ambient monitoring program established to determine and 
monitor the quality of ground water produced from Louisiana's major freshwater aquifers. The 
ASSET Program samples approximately 200 water wells located in 14 aquifers and aquifer 
systems across the state. The sampling process is designed so that all fourteen aquifers and 
aquifer systems are monitored on a rotating basis, within a three-year period so that each well is 
monitored every three years. 

In order to better assess the water quality of a particular aquifer, an attempt is made to sample 
all ASSET Program wells producing from it in a narrow time frame.  To more conveniently and 
economically promulgate those data collected, a summary report on each aquifer is prepared 
separately. Collectively, these aquifer summaries will make up, in part, the ASSET Program's 
Triennial Summary Report for 2009. 

Analytical and field data contained in this summary were collected from wells producing from the 
Evangeline aquifer, during the 2007 state fiscal year (July 1, 2006 - June 30, 2007). This 
summary will become Appendix 4 of ASSET Program Triennial Summary Report for 2009. 

These data show that in January and February of 2007, and in May 2008, 12 wells were 
sampled which produce from the Evangeline aquifer. Eight of these 12 are classified as public 
supply, while there are one each classified by the Louisiana Department of Transportation and 
Development (LDOTD) as irrigation, industrial, domestic and other. The wells are located in 7 
parishes from the central and southwest areas of the state. 

Figure 4-1 shows the geographic locations of the Evangeline aquifer and the associated wells, 
whereas Table 4-1 lists the wells in the aquifer along with their total depths, use made of 
produced waters and date sampled. 

Well data for registered water wells were obtained from the Louisiana Department of 
Transportation and Development’s Water Well Registration Data file. 

GEOLOGY 
The Evangeline aquifer is comprised of unnamed Pliocene sands and the Pliocene-Miocene 
Blounts Creek member of the Fleming formation.  The Blounts Creek consists of sands, silts, 
and silty clays, with some gravel and lignite.  The sands of the aquifer are moderately well to 
well sorted and fine to medium grained with interbedded coarse sand, silt, and clay.  The 
mapped outcrop corresponds to the outcrop of the Blounts Creek member, but downdip, the 
aquifer thickens and includes Pliocene sand beds that do not outcrop.  The confining clays of 
the Castor Creek member (Burkeville aquiclude) retard the movement of water between the 
Evangeline and the underlying Miocene aquifer systems.  The Evangeline is separated in most 
areas from the overlying Chicot aquifer by clay beds; in some areas the clays are missing and 
the upper sands of the Evangeline are in direct contact with the lower sands and gravels of the 
Chicot. 
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HYDROGEOLOGY 
Recharge to the Evangeline aquifer occurs by the direct infiltration of rainfall in interstream, 
upland outcrop areas and the movement of water through overlying terrace deposits, as well as 
leakage from other aquifers.  Fresh water in the Evangeline is separated from water in 
stratigraphically equivalent deposits in southeast Louisiana by a saltwater ridge in the 
Mississippi River valley.  The hydraulic conductivity of the Evangeline varies between 20 and 
100 feet/day. 

The maximum depths of occurrence of freshwater in the Evangeline range from 150 feet above 
sea level, to 2,250 feet below sea level.  The range of thickness of the fresh water interval in the 
Evangeline is 50 to 1,900 feet.  The depths of the Evangeline wells that were monitored in 
conjunction with the BMP range from 170 to 1,715 feet. 

PROGRAM PARAMETERS 
The field parameters checked at each ASSET well sampling site and the list of conventional 
parameters analyzed in the laboratory are shown in Table 4-2. The inorganic (total metals) 
parameters analyzed in the laboratory are listed in Table 4-3. These tables also show the field 
and analytical results determined for each analyte. For quality control, duplicate samples were 
taken for each parameter at wells CU-1362 and EV-858. 

In addition to the field, conventional and inorganic analytical parameters, the target analyte list 
includes three other categories of compounds: volatiles, semi-volatiles, and pesticides/PCBs.  
Due to the large number of analytes in these categories, tables were not prepared showing the 
analytical results for these compounds.  A discussion of any detections from any of these three 
categories, if necessary, can be found in their respective sections. Tables 4-8, 4-9 and 4-10 list 
the target analytes for volatiles, semi-volatiles and pesticides/PCBs, respectively. 

Tables 4-4 and 4-5 provide a statistical overview of field and conventional data, and inorganic 
data for the Evangeline aquifer, listing the minimum, maximum, and average results for these 
parameters collected in the FY 2007 sampling.  Tables 4-6 and 4-7 compare these same 
parameter averages to historical ASSET-derived data for the Evangeline aquifer, from fiscal 
years 1995, 1998, 2001 and 2004. 

The average values listed in the above referenced tables are determined using all valid, 
reported results, including non-detects. Per Departmental policy concerning statistical analysis, 
one-half of the detection limit (DL) is used in place of zero when non-detects are encountered. 
However, the minimum value is reported as less than the DL, not one-half the DL. If all values 
for a particular analyte are reported as non-detect, then the minimum, maximum, and average 
values are all reported as less than the DL. For contouring purposes, one-half the DL is also 
used for non-detects in the figures and charts referenced below. 

Figures 4-2, 4-3, 4-4, and 4-5, respectively, represent the contoured data for pH, total dissolved 
solids (TDS), chloride (Cl) and iron. Charts 4-1 through 4-16 represent the trend of the graphed 
parameter, based on the averaged value of that parameter for each three-year reporting period. 
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